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A B S T R A C T
T he cha nge in state of w ate r of
hydr ate by grindin g ha s be e n stud ied.
d 土f fr a c t土o n study r ev e aled th a t
the o phyl l in e m on ohydr ate t e nded t o
the o phyll土n e
Po wde r X - r ay
c ry s t a ll in e
tr a n s王 o r m t o
c rystallin e a nhydr ate wit h in cr e a s ed grind in g tim e.
As the grinding t im e in c r e a s ed, t he wate r c o nte nt of
the ophyl l in e hydr ate de c r e a s ed . T he dehydr at io n
te mpe r atu r e of 七he ophyl l 土n e hydr ate wa s shifted to a
l o we r t e m p e r at u r e by gr in d in g . Th e g r o u nd
七he ophyl l 土n e hydrate dehydr ated in 七hr e e ､s teps at
c a . 5 8, 4 4 and 17
oC r e spe ctively . The dehydr atio n
te mpe r atu r e of gr o und the ophyl l in e hydr ate w a s
a f fe cted m a rk ed ly by pr e s s ur e w he r e as tha 七 o f
u ngr o u nd 七he opbyl l 土n e m on ohydr ate w a s affe cted
sl ightly by pre s s u r e, ind ic at in g the cha nge in sta te
of t he c r ystal w ate r ｡ ℡he r e su lt of 土n王r a r ed (工R)
spe ctr o s c opy dem on str ated t hat the hydr oge n bonds
b etw e e n c rys tal w ate r rhole c ule s a nd the ophyl l in e
m ole c ule s w e r e w e ake n ed o r de str oyed to s o m e e xte nt
by g
-
rlnd 土n g . 工七 w as s up po s ed that c rystal w ate r 土n
the gr ou nd t he ophyl lin e hydr ate might e xist at le a st
i n thr e e m o le c ula r sta te s of dif fe r e nt hydr oge n
bo nd in g . Af te r sto r age unde r 96 . 5% r ela t iv e hu mi di ty
a t 3 0o C, it w a s s ugge sted that t he r uptu red hydr oge n
bonds of w ate r m ole c ule s in t he gr o u nd the ophyl lin e
hydr ate w e r estr en gthe n ed.
Th e de hyd r atio n p r o c e s s of th e o phylli n e
m o n ohydr ate w as fu rt he r in v e stiga ted by pre s s ure
- 1
dif fe r e nt ial s ca n ning c alo rime try (pr e ss ur e D S C) .
Pr e ssu r e DSC
'
c ur v e s′ m e a s ur e d by u sing pi n - hole
a luminu m pa n ∫ of the opbyll 土n e m onohydr ate exh土b 土ted
two ste ps of dehydr at io n. Powde r X - r ay dif fr a ct io n,
工R s pe ctr o s c op y a nd lo w te m pe r a tu r e d土王fe re nt ま. a l
s c a n ning c alorim etr y w e re u sed to char a cteriz e the
pre ssu r e DSC e ndo the r mic ･ pe aks . = t w a s s ug ge sted
tha t the e ndo the rmic pe ak at the lo w er te mpe ratur e
w a s d u e 七 o t he t r an s 土t土o n o f t he o phyl l 土n e
m o n ohydr ate 土n to 七he ophyl l土ne a nbydrate a nd l 土qu土d
w ate r a nd the e ndot he r mic p e ak a t th e h ighe r
te mpe r a t u r e wa s a s s i gn ed t o the v apor iz a tio n of
l
w a t e r. N a rn e ly I .th e d e hydr a t io n p r o c e s s of
tbe ophyl l 土n e m on ohydr ate to ok pla c e via the pha se
tr a nsitio n a nd the subs equ e nt v apo rizatio n of w ate r.
The he at of tr a nsitio n a nd t he he at of v apo riz atio n
w er e 1 0 a n d 64 kJ･/m ol r es p e ctiv ely . ‡t w a s
de m o nstr ated t hat the dehydr at io n pr o c e ss of su ch
pha工
'm a C e ut lc a l hydr ate c o ul d be r es olv ed a nd the
in te rm ed iat e ste p c oul d be dis co v占r ed by u sing
pr e s su r e
■
DJSC te chniqtle .
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エN TRO D U C T X O N
Sol i d dr ug s ha v e be e n fo u nd to ex ist in m o re
t ha n o n e c ry s t al l in e f o r m . Th e se c ry s ta l li n e
m od土f 土c at 土o n s m ay ha v e su王f土c土e n 七 d土f fe r en ce s 土n
their physic al a nd chemical pr ope r t ie s t hat c oul d in
t u rn a f fe ct pha r m a c e u七土c al pr ope r 七土e s of 七he
pr ep a r at io n s
ト 5)
･ Nu m e r o u sdr ugs
e xi st i
'
n g in th e s olid sta t e as
s olv a七e 5. S olv a te s a r e mole c ula r
hav e inc or po rated the c rystall izing
土n 七he土r lat tic e a nd ln a f 土Ⅹ ed
a r e c a pable of
polym o rph s or
co mpo llnds that
s olv e n七 mole cu le
sto土ch 土o m etr y ′
hydr ate s being fo r med whe n th e solv e nt is w at e r ･
Kuhn e rt - Br a nd stat te r a nd Ga ss e r
6) u s ed the te r m
p s eudopo lym or ph to d ist ing ui sh s olv at e s fr o m
polym orphs a nd 土ndeed polym o rph土s m c an be exh土b 土ted
by s o lv a七e s, a s fo r e x a mple 土 n th e e t ba n ol 土c
s olv ate s of f lu o c o rto lo n e
6)
′ a nd t he hydr ate s of
f luprednis olon e
7) and s uc cin yls ul fathia zole
8)
･ Many
pub l 土c at土on s o n s olv ate fo r mat io n of dr ugs ha v e be e n
r epor ted a nd s om e of them appe ar 土n the r e vie w s of
tlalebl ia n2) a nd Byr n
4)
. Ku hn er t - Br andstatte r a nd
c o wo r ke r s
6 . 9 - 12) st ud ied e xt e n siv ely o n ノ the
pr ope rt ie s of ･s olv ate s of ste ro 土ds a nd fo u nd t ha t
s olv ate fo r mat土o n 土s 土ndepe nden t of polym o rph 土sm ･
= n ph a r m a ce u tic a l r e s ea r ch f ie l d, th e
li te ratu r e wh ich c o mpa r es t he s olu bi lity of hydr ate
with t ha t of anhydr a te s e m s to be fir stly r epor ted
by E r 土k s so n
1 3)
. H e f o u nd t ha t th e a pp a r e nt
s olub i li ty of phe n oba rb i tal a nhydr ate w a s gr ea te r
- 3 -
th a n t he hydr ate ｡ ･Shefte r a nd Higu ch i
8) stud ied
the or etic al lylthe d iss olu tio n r ate s of the s olv ate s
a n d t he hydr a t e s i n t e r m s of t he rm o dyn a m ic
c on sider ation s . T hey sta ted t he ,ef fe ct of s olva te
form atio n on t he d iss olu tio n Of s om e dr ugs , e . g . T
the d土s s ol u t土o n r ate of pe n ta n ol - s olv ate fo r m of
s u c cinyls ulfa t h ia zole w a s･ ･m a n y t im e s gr e ate r t ha n
the an hydr ate wher e as 七he d 土ss olu t土o n r ate of 七he
･hydr ate wa s l e s･s t ha n the 畠nhydr ate ･ Stud ie s o n
s.o ユub il i tie s- a nd d is s olu tio n ra te s of pha r ma ce ut ic al
hydr ate s ･o r ･ s o lv a t e s w e r e: als o r epo rte d by m any
in v e st iga to rs
7,1･
4 - 26)
. Re c en tly, Stoltz e t al ･
27)
r ep o rted the di s s olu ti o n b e･ha v io u r of be n z en e
s olv ate , c ycloh 由a n e s･olv ate , anhydr ate , he rnihydr ate
a nd
■
m o niOhydr ate of ox y phenbu ta zo n e .
･po o le et･.al▲1.
5) stud ied､o n b io a vai labi 1.ity of
am pI Ci 王エin in anhydr o us a nd ･･tr ihydr ate fo rm s . The
a nhydr ou s ′fo r m w,a s m o r e
,
ef ficie ntly abso rbed tha n
t he tr i･hydr a七 e o n e . L S im ila r r e s ult､･w a S a ls o
r eported by All a nd.Fa r｡ uk写8)⊥ Ba1 1a rd and,Bi le s
2 9)
fo u nd th at the s olv a t e モo T m atio n o f t he te rt -
bu tyla c et al七､e s. off hydr QC O r土i
'
so･n e a.n d pr ednis,olo n e
aff e c t ed ･t he a･b s lO pr P t iQ h, r a t e
.
fr o m s ol i d dr ug
impl ant . Haleb lian- e.t
･ a1 . 7) .fur the r r epo rted ､ tbat
the adr 甲n al c orte x atr ophy r;
r
e sul t in g fr om the u ptake
d f Foとm .工■of .f lupr･ednis oLo ne fr o m
l Pe llet impla nts
w as
t
･highe r 七ha n t hat ,of t he､ α ‥
一 m O n Ohydr ate . On t he
ot he-r.､･harld r c arba m a z､epl n e dihydr ate e xh ib ited h ighe r
l
abs o rpt io n r ate tha n.t he a nhrydr ate
22)
. Ho w e v e r, t he
b io a v ai lab ility.
-
of .e ry thr om yc in di hydr ate w as
I
J4 _
c o mpa rab le w土th 七ha七 of e ryt hr omyc土n a nbydrate
3 0)
｡
Hydr ate - a nhydr ate tr an sfo r m atio n o f dr ugs a s
l I
w el l a s e x c lpl e n七 s w a s of te n obs er v ed du r土 ng
･
pha r m a ceu tic al pr oc e s sin g a nd du ring s to ra ge unde r
a n a tm o sphe re c on taining w ate r v apou r . = t is kn o w n
that aqu eou s s uspe n s土o n s of s om e dru g
･
s ･pr odlユC e la rg
･
e
c ry s t a l s up o n st o r a匂
`
e ′ r e s ul ti n g f r
J
o m th e
tr a n sfo r m atio n Qfr dr ugs to be t he hydra te s
31 - 35)
.
Fo r ex a mple ′ the tr an sitio n o f t he ophy1 1 in e
31) a nd
s ul fath iaz ole3 3) to ･be hydr ate fo rm in s uspen sion
c a u s ed physic al ly u nstable do s ag e fo r m w･hich w a s
pha rm a ce ut ic al ly u nde sir ab le . Hydr ated
-
c ry-s tal
fo r m at ion s in tablets w er e re po rted･for ,s o m e dr ugs
whe n the tab lets､w e r e lStO r e d in an atm o sphe r e df
h igh r elativ e hu mi dity
3 6･
- 4 0)
. This tr a nsfo rm ation
c a u s ed t h占 tabl e t s of lo w d is,､s olu七io n r ate a ､n d
p r olo ng ed d is in t eg r a ti o n tim e . D u ri n g w et
gr a n ulat io nr p r oc e s s, alnhydr ou s th e o p,hyl li n e
c o n v erted i nto t he m o n ohydr at e w hi cLh in tu r n
r e s u l ted in the de c r e as e d d is s olu tio n r ate of
t he ophyl l in e fr o m - 七ab let
41)
. ､･=n ad d itio ni by rde an s
o
-f a n expo s ur e t b a n a tm o sphe r e- of h igh rela tiv e
hu mi d i七y ′ ･a m orpho u s:･1a cto se i W a S･r e C ryS ta l liz ed to be
m on ohydr ate
4 2)
.
Ma ny ope r at ion pr o c畠ss es.w e r e e mployed ･ in t he
dev elo pm e nt of Ldo sa ge fo r m s of dr ug' s ubsta nc es . =n
･o
.
r de r to ob tain pha r m ac erut ic al pr odu cts
-ba yin g
e x ce lle nt b io a v a,i lab i lity′ the inf lu e n c e of t he unit
o pe r atio n s o n the pba rma c e ut ic al･ .pr ope 工七土e s sho ul d
be co n si de r ed . Soli d dr ugs c on tain ed in a
- 5 -
pr epa ratio n co ul d v ary 土n t heir pha r m ac e u七土c al
pr oper tie s du ri叩 tbe u nit ope r a七土o n s
5 ′4 3- 47)
･ Am o 叩
the unit oper atio ns of pha r m ac e ut ic al te chn ologyl
grind ing o r mi l l ing is c Qm m On Pro ce s s us ed fo r siz e
r edu ctio n o王 m ate ria l s . 工 t h a s b e e n r e ce nt ly
re po rted that grind in g n o t o nly r edu c es t he pa rticle
s i z e b u t al s o c a us e slth e ch a n ge i n m ole c u la r
beha viou r of dr ugs in
土n 七h土 s f土eld 土s n a med
a study o n phe no m e na
che mic al p r ope rtie s
e ner gy
4 8,49)
.
s o1 土d state . ℡he r e s e a r che s
a s m e chan o che mj. s七ry wh土cb 土s
of cha nge s 土n phy sic al a nd
o f m a te rials by m e cha nj. Ga l
=n add ition to sip:e r edu ct io n, grind ing als o
hav e a n e f fe ct o n v ario u s pr ope r tie s of o rga nic
c rystals . Man y w orks ha v e be e n do ne fo r the ef fe ct
o f g r i n d in g o n c ry st a l l in ity
4 2, 5 0- 55) a n d
po ly m o rph ic t r a n sitio n
5 6- 6 3)
.
d e c r ea se i n c ry s t al li n i ty ,
d 土s s olu七土o n r ate5 4.64
- 6 8) w e r e
stab 土1 土七y
6 5′6 9- 73) w a s dec r e ase d
g r in d in g c a u s ed a n in c r ea se
la cto s e4･
2) a nd β- c yc土･ode xtr土n
74)
in pr olon ged d isinte gr at io n tim e .
Toge th e r wi t ha
s olub土1 土ty a nd
e nha n ced wh e r ea s
by grind in g . The
i n h a rd n e ss o f
tab le ts ′ r esult土ng
■
T he grindin g als o
de c re a sed c onta c t a ngle of s ol i dwhich ind ic ated the
cha nge in s u rfa c e char acte ris tic s by grind in g
75)
.
Fu rt he rm ore , the gr o u nd mic r oc rys tal lin e c el lulose
ad･s o rbed w ate r, v apo u r mo r e t ha n t he u ngr ou nd sa mple
d id76)･ whe n c rystal lin e dr ugs we re gr ou nd wi t hs om e
ad d土t ⊥v es s u ch a s m土c r o c rys七al l土n e cel lulo se
77 - 79)
∫
polyvl nylp yrr ol 土do ne
80) and ch 土t ln o r ch比 o s a n81 ′8 2)
- 6 -
t he dr ug
■
s be c a me a mo r pho u s a n d their d 土s solu t 土o n
r ate s a nd b 土o av a土1ab土1 土t土e s we r e ma rkedly 土mpr o v edJ
wbe r e a s七he cbem 土c al stab 土1 土tie s wer e de c 工･e a S ed by
t he grindin g .
=n t he pr e s ent studyv a n inte r e st in the sta te
o f w at e r 土n s ol i da ris e s be c au s e a v arie ty of
physj. G al a nd chemic al pro pe rt ie s o£ w ate r 土n c onta ct
wi.t h s ol i ds appea r 七o be d if fe r e nt fr o m tho s e of
pu re w ate r ｡ W a 七e r c on 七aln ed 土n s olids co u l d be
ge n e ral ly clas si f ied as ads orbed w ate r
w ate r｡ Cr ystal hydr ate fo r m atio n o 王
pla c e du rin g c ry s t a ll iz at io n fr o m
s olut ion . The dr ugs als o tr a n sfo rm s to
a nd cr ystal
dr u gs take s
a n aq u eo u s
the hydr ate
for m by me a n s of pr olo nged e xpo su re to an a tmo sphe r e
c o nt a土 n土 ng
■
w at e r v ap o u r ′ o r as a r e s ult o f
pr o ce s sing that in v o lv es the us e of w a te r , e . g . ,
1yo philiz at ion , spr ay dryi ng, a qu e o u sf i lm c o atin g
o r w e t gr a n ula tio n .
The p ro pe rty o f w a te r in t he hydr ate s is n ot
quite simple a s w eth in k . Ev a n s
8 3) cla ss土f土ed the
w ate r 土n the hydr ate s a s c o - o rd 土n ated a nd str u ctu r al
w ate r . = t is w ell r e cogniz ed tha t the c rystal w ater
e xisted in t he hydr a te s c o u l d h a v e s igni fic an t
l
ef fe ct o n the physic al a nd che mic al pr ope rt ie s o王
dru gs , s uc h a s che m ic al degr ada tio n a nd dis solutio n
r ate . T o de v elo p str ate gi e s that c a n be u sed to
de al with s u ch phy s i c a l a nd ch e mic al ch a n ge s
r equ ir es an u nde r sta nd in g of the m ole cu la r beha vio u r
u nde rlyin g s uc h s o lid - s ta te phe no m e n a a nd of the
m e a n by which w ate r m ole c ule s c a n influ e n c e s the s e
- 7 -
beha vio ur 由
As the crystal str uctu r e of o rga nic dr ugs c o ul d
be c olla psed by grind in g v i t w a s e xpected that the
s t a t e of c ry s t a l w at e r a s so c i a t e d w ith dr u g
m ole c ule s in crysta l hydr ate might also be cha nged
by gr i ndi n g ｡ = n p ar t =, t he cha nge in s t a te of
w at e r o王 the ophyl l 土n e
stud土ed ｡ でhe p r ope rty
m a土n ly 土 n v es t 土ga ted 土n
b eha vi o u r by t he rm al
hydr at e by grin din g w a s
o f the crystal w ate r w a s
te rm s of it s dehydr at io n
a n aly si s . L o s s i n wate r
co nte nt y c rys tal l in e tr a n sfo r m atio n and chan ge in
infr a r ed (= R) spe ctr a w ere als o e x amin ed . The
in ve stig a tio n w a s fu rth e r d o n e o n re hydr at io n
beha vio u r of gr o u nd t he ophyl l in e hydr ate u nder an
atm o sphe r e o王 b土g
●h r elat iv e bu m土d 土ty ｡
To gain m o r e unde r sta ndin g of the dehydr at io n
b eb a v土 o u r of c ry.s 上 a l w at e r o f t he o phyl l 土n e
m o nohydr ate ′ t he study of pr e s s u r ed 土f fe r e n七土al
s c a n ni n g c alo rim e tr y (pr e ssu r e D S C) w a s fu rt he r
in v e st iga ted in pa rt = =of t h is study.
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℡斑E ORET = C A L
Qtl a mtita tiv e Tr eatm e m七･ of p ha s e Equi libria =
The C la usiu s - Clape yr o m Equa tio m
84)
W be n 七w o phas es c o e xi st at e qu土1土br 土u m′ t he土r
che mic al pote nt ials are equ al. T he r efo r e, w he r e t he
pha se s α a nd β ar e in equilibriu m
uα(P P T)
= uβ(
Py T) (1)
Let P a nd T be cha nged inf inite sim ally p bu t in
s u ch a w ay tha 七 the tw o pha se s
As 七he cbe m土cal pote nt土als o王
e qu alp the refo re the cha nge s
a nd w e c a n w r土七e
duα
= duβ
r e m a土n 土n equ 土1土br 土u m ｡
the pha se s w e r e r e m ain
土n 七he m m u st be equ al
(2)
Sin c e t he cha ng e i n che mi c al pot e ntia l fo r e a ch
pha se ca n be e xpr ess ed a s
du = - Sdt ＋ VdP
The r efo r er
- S
α
dT ＋ V
a
dP - - S
β
dT ' ⅤβdP
｡ ‥ … ‥ ｡- (3)
(4)
whe r e S
α
a nd Sβ a re t he m ola r
e ntr opl e S Of the
pha s e s a nd VcK a nd Vβ a r e the ir m ola r v olu n es ･
- 9 -
He n ce p
(Ⅴβ
- Ⅴ
α
)dP = (Sβ
- S
α )dT
w hic h r ear r a nge s in to t he Cla pe yr o m equ atio n :
dP/dT = AS/A V
whe r e △S = S
β
- S
α
a nd △Ⅴ = Ⅴ
β
- Ⅴ
α
(5)
(6)
ar e 七he
cha nge s of m ola r e ntr opy a nd m ola r v olu m e whe n the
tr a n sitio n o c c u r s.
A t c o n sta nt te mp e r at u r e a n d p r e s s u r ep th e
cha nge in m ola r e ntr op y ca n be writte n as :
△s - Afltr/T (7)
whe re AHtr is e n thalpy of tr an sitio n ｡ The r efor e v
equ atio n (6) be co m e s
dP/dT - AHtr/T △ Ⅴ (8)
工n t he c a s eo f the t r a n s土t 土o n fr o m c o nde n s ed
pha s e to ga s e o us pha se s uch a s v a po riz atio n ′ w e ca n
w rite equ atio n (8) a s
dP/dT - A Hv ap/T
A V
v ap
(9)
whe re AE
v ap
a nd A v
v ap
ar e m o la r e nthalpy a nd m olar
v olu me cha n ge o f v apo riz a tio n r e spe ctiv ely .
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Sin c e the mo la r v olu m e of a ga s is s o m u ch
gr eate r t han t he mo la r v olu m e of a l iquid,
AV
v ap
= V
g
- Vl = Vg (
1 0)
=f w e a ss u m ed that the ga s beha v e spe rfe ct ly , t he n
v
g
= R T/P (ll)
T he s e appr oxim a tio ns tu r n the Cla pe yr o n equ at io n
in to the Cla usiu s- Cla peyr om equ atio n:
a lnP/dT = AHv ap/R T
2
1n P - AH
v ap
/R T ＋ C
(1 2)
… … … ｡ ｡ (1 3)
LogP - △Hv ap/
2争 30 3R T 十 C - - - (1 4)
- 1 1 -
E X P E R I M E N T AL
pa r 恕 r 曲 Cha nge in S ta te of Wa te r o f The ophyllin e
斑ydr ate by Grind ing
B4a te rials The ophyl lin e mo n ohydr ate (w ate r c onten t
8 ｡ 90%) w a s ob ta in ed by r e c rys t a l l iz ati o n f立o m
d土s t 土1 1ed w ate r a t 2 5oC a nd s ubs equ e nt dr y l ng
.
a t
r oo m t e mp e ra tu re . T he ophyllin e a nhydr at e w a s
pr epar ed by drying t he ophyl l in e m o nohydra te at lO O
o
C
fo r 1 h a nd storing it ov e r P205 in a de sic c ato r･
P r epa r atio n of Gr o u nd Sa m ple s A vi br at io n mi l l
(Eei ko Seis akusho T= - 20 0) m ade of tu ngste n c a rbi de
w a s u sed . The v olum e of t he mi l lrw as 140 c m3 a nd the
h e igh t o f t he r od w a s 5 5 m m ｡ T hr e e g r a m s o f
the opbyl l 土n e m o n ohydr ate w e r e9r O un d fo r 5 s - 1 0
m上n to ob七a土n g
■
r o u nd s a mple s｡
P o wde r X - R a y Di f fr a c t io n ･A R ig aku De nki･ 2 0 2 7
D i fra cto m ete r usin g s cintil la tio n c o u nte r w a s u s ed .
The X - r ay s o ur c e wa s CuRα with a Ni fi l ter (3 0 k V′ 5
mA). The s c an nin g spe ed w a s 4
o
/min . T he gr o wt h o f
dehydr ated c rystal of the ophyl l in e w a sl de te r min ed a s
t he r a t io be tw e en (2 01) d土王fr a ct 土o n pe ak ln七e n s主ty
o f t he a nhyd r
r
a t e a nd (0 2 0) d if fr a cti o n p e ak
in te n sity of t he mo n ohydr ate ｡
De te r min atio n of Wa te r Conte nt The w ate r c o nte nt of
e a ch s ample w a s de te r mined by･ the
,Ka r ト Fis che r
- 12 -
m ethod u sin g a Hir an u m aAQ
-3C aqu aco unte r ｡
(D S C) A n ope n
s u s ed . Ea ch
Dif fe r e nt ia l Sc a nning Calo rim etr y
alu min u m pa n fo r t he s olid sa mple w a u se ･
s a mple w eight w a s 2 ･ O m g ･ Af te r t he alu min u m pa n
c onta土n 土ng
･
-t he s a mple wa s pla ced 土n 七o the fu rn a c e′
the ･f u r n a c e wa s c o oled by l iqui d n i tr o ge n ･ The
m e a s u r e m e nts l･ u sin g a Du Po n t 9 1 0 d i f fe r en tial
s c a n nin g c alo ri m ete r cJO upled with 9 9 00 c o
mpute r/
t he r m al a n alyz e r, ･ w e r e ca r ried o ut u nde r ni tr ogen
ga s f lo w (5 0 m1/min) a t.a he atin g r ate of 4
o
C/min °
T h e r n o g r a vi m e t r y ･( T G) A Du P o nt 95 1
the r mo g r a vi m et r i c a n aly z er c o uple d w i th 9 9 0 0
c o m pu te r/the r m al a n aly z er wa s u s ed ･ ℡be s a mple
w eight w a s 8 ･ O mg ･ The me a s u r e m ents we re do ne at a
he atin g r ate of 0. 5
oC{min unde r ni tr ogen ga s f lo w
(5 0 ml/m上n)
pr e s ur e D if fe r ent ial Sc a n ing Calorim etry (Pr e s su r e
D S C) Å Du Fo nt pr e s su r e■ ､D S Cc el l c.o upled wl 七h 9 9 0 0
c o mpu t､e r/t he r m al a n aly z e r wa s e mp･1o yed ･ Ea ch
s a mple w eigh t w a st2 ･ O m g･･ An ope n alu minu m pa n fo r
the s ol i ds am ple w a s u se d ｡ 工n t he c a s eof the
m 早aS ure m e ntS oper ated fr o m s uba mb ien t te mpe ratu r ep
the f u r na c e w a sc o ole d by l iq uid n i tr og e n . To
d 土s pla c e 七he a土r 土n s土de pre s su r e D S C c el l′- n土七r oge n
ga s w a s allo w ed to flow t hr o ugh the c e ll fo r s e v e r al
min ut e s . T he n nitr oge n ga s wa s ap pl ie d in to t he
pr e s u re D S C c el l u nt 土1 the ′ r equ土r ed pr e s s u r e
- 13 -
r e a ched ｡ The me as u r e me nt s w e r ec a r ried o ut u nde r
O ･ 1 - 5 ”PA nitr oge n ga s pr es s ur e a t a he ating r ate of
4
o
C/m土n ｡
Xn fr a r ed け R〉 Spe ctr o s c opy = R spe ctr al w ere obtain ed
by t he Nujol m ethod u sing a Nic olet 5Z D X Fo urie r 一
七ra n sfo rm ed 土nfr a red (門 一 工R) spe ctr om ete r ｡
Part X X｡ Study o n Dehydr at ion Beha vio ur of
The ophyl l in e 紙on ohydr ate by Pr e s ur e
Di f fer e ntia且 Sca nning
･
Calo rim etry
親ate r土als The ophyl l in e mo n ohydr ate and t he ophyl l ine
anhydr ate w er e pr epa r ed by t he s a m epr o c edu r e as
de s c ri bed in pa rt =･ The ophyl lin e mo nohydr ate se aled
土 n D S C alu min u m pa n w as
te mpe r atur e u nder ･v a r土o us
t he s am e ma n n e ra s 七be
pr e s su r e D S C m e asu r e m en t
s a mple s ｡
h e at ed u p to r eq uir ed
nitr ogen ga s pr es s u r e in
fo l lo win g de s c ri
■
b e d■in
七o obtain be at 一 七 r e a ted
Pr es s ur e Di f fe r e ntial Sc a n ning Ca,1o rim etr y 〈Pr e･s s ur e
DS C〉 A Du Fo nt pr e s s u r eDS C cel l c o u pled w土t h 90 0
c o mpu t e r/t he土m al
s a mple w eight w as
the sol i ds a mple
●
pi n - ho le ofJO ｡ 1
a n aly z e r w a s e mしplo yed . Ea ch
2 ｡ O mg . An ope n alu min u m pa n fo上
a nd a s ealed alu min u m pa n ha vin g a
m m in d ia m e te r w ete u s ed . =n the
c as e- o f the m e a s u r e mn ts ope r ating fr o m suba mb ie nt
te mpe r atur e r^ t he fu r na c e ,w a s coo led by l iqu id
- 14 -
n itr oge n g To displa ce the air inside pr e s su
r e
c ell p nitr oge n ga s
c ell fo r s e v er a l
appl led 土 n t o t he
r equir ed p r e s s u r e
w a s allo w ed 七o f lo w 七hr o ugh
m in u te s . Th e n n itr oge n ga s
p r e s s u r eD S C c el l u rl七 土1
r e a ched ｡ The m e asu r e m e nts
D S C
七he
.W a s
t he
W e re
c a r ried o ut u nde r 0 . 1 - 5 M Pa ni tr oge n ga s pr e ssu r e at
a he atin g r ate of 4
o
C/min d The v al id ity of pr e s s ur e
D S Cc el l w a s e x a min ed u si n g pu r土f 土ed w ate r a s a
s am ple . The pi n - ho le pa n w as e mployed and t he
e x p e ri m e nt a l c o nd 土七土 o n w a s七b e sa me a s th at
de s cr i bed abo v e. The l in e ar rela tio nsh ip be tw e e n
lo g P a nd 1/T a c c or din g t o Cla u siu s
- Cla pe y r o n
e qu atio n w a ste sted ･ The da ta obtain ed fr o m pr ess u r e
D S Cm e a su r em e nts w er e C O mpa red to 七he av ai lab le data
fo r w ate r in the ste a m - ta b le . Agr e e m e nt wi t h t he
st e a m _ t a bl e d a t a w a s e x c el le nt a nd th e go od
lin e a rity be tw e e n lo g P a nd 1/T w as obs e r ved (Fig ･
1) . T he la te n t h e at o f v apo r i z a tio n of w a t e r
qalc ula 七ed by Cla u s土u s - C la pe yr o n equ a七土o n w a s 4 3
kJ/m ol w h 土cb c om pa r ed fa v o r ab ly with the ac c epted
v alue of 4 0｡ 6 k J/m o1.
Lo w Te mpe r atu r e D if fe r e ntial Sc an nin g Calorim etr y
(Lo 甘 Te mpe r atu r e D S C) A Du Fo nt pr e s s ur e D S C c el l
v a s u s ed . T he ophyl li n e m o n o,hydr at e w a s c o o
led
r api d ly by liqu id nitr oge n a nd t he e xpe rim en t w a s
do n e u nde r 1 M Pa nitr oge n ga s pr e s s u r efr o m - 80
o
C to
90 o C . A f te r r e le a sing pr e s u r e fr o m pr es s u r e D S C
c el l, t he s a mple w a s aga in c o ole d r apidly by l iquid
ni tr oge n . The s ubs equ e nt e xpe rim e nt (2nd r u n) w as
- 1 5 -
Aa
U
嘗
L
αJ
エ
}
0
て)
【ニ
山
Pr e s s ur e(M Pa)
5
3
班
0.1
10 0 2 OO 30 0
Te mpe r aLur e(
o
C)
要
一
:
Z
OT
:
･
･
.
.
o
o
o
o
5
2F
0.1
logP = 冶転写＋ C
△ト1 = ろ3 kJ/m ol
1.75 2.00
Fig ｡ 1 ｡ Pr es s ur e D S C
C la pe yr o n Plot (B) of
2.Z5 2.50 2.75
1000/ T(K
‾1
)
Cu r v e s(A) a nd Cla us iu s -
Wa ヒe 工･
piI 卜hole alu min u m pa ll, Ile aヒing r aヒe 4
o
C/min °
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fu r t he r pe rfor m ed｡ The he at ing r ate w a s 4
o
C/min °
De te r mim at io m of 闇eigh t EBO SS u nde r pre s su r e =n t he
s a me man n er a s pr e s s ur e D S Cm e a s ur em e ntp the s a mple
se aled in a pi n - hole alu min u m pa n w a she ated up to
r e quir ed te mpe ratu r e unde r O ･ 1 , l a nd
ga s pr e s s u r e･ T he w e.ight lo s s w a s
mic r oba la n c e. Ea ch de te r min a t io n u s ed
pa n So
5 M Pa ni tr oge n
de七e r mま. n e d by
fo u 】= alu mi. n u n
po wde r X - Ra y D iffr a ction The m e a su r e m en ts w e r e do n e
a s de s c ribed i. n pa rt ェ｡
Infr a red (= R) Spe ctr o s c opy The m e a su r e m e nts w er e
do ne a s de s c ri bed ln pa rt 工｡
- 1 7 -
PA R ℡ E
Chan ge im Sta te of Wate r of
The ophyl l ine ⅠⅠydr ate by Grind ing
of
七o
Grinding is ge n er al ly u s ed fo r siz e
m ate rials in pha rm a c e ut ic al pr o c e s sin g
r edu c七土on
in o rde r
e nha n c ed is s olutio n r ate a nd b io a v ai lab i l ity
85)
=t ha s be e nkn o w n t hat grind ing n ot o nly r edu c es
p a r t icl e si z e b ut a ls o c a u s e st he ch a ng e i n
c rys七al l土n土七y∫ polymo rph 土c tra ns土t土o n and che mic al
r ea ct io n r ate oモ c ry5七al l 土n e dr 叩 S
4 3- 47)
｡ Rec e nt ly′
土t w a s r epor 七ed 七ba七 t he gr 土nd 土n g
' de c r ea s ed t he
c ry s t al l inity o f ph a r ma c e ut ic al hydr ate s a nd
subs eque ntly de cre ased 七he土r s七ab 土1 比y
6 9- 71)
也
Ma n y o rga nic dr u gs e xist in a s ol i dstate a s
hydr at e s . = t is w el l r e c o g ni z ed t hat hydr at e
fo rm at io n of dr ug s af fe cts d is s olut io n ra te a nd
b土o a v a土1ab土1 比y of pha r ma c eutic al pr epa r at土o ns
2 - 5)
｡
To ob tain the pha r mac e utic al pr epa r atio n s of go od
bio a v ai labi l ity, a study on m ole c ula r beha vio u r of
c rystal w ate r se em s ne c e ss a ry . A s t he grind in g
c a u s ed 七he cbange 土n c rys 七all 土n e cba r a cte r土s七土c s of
dr ug s p i t w a s e xp e c t ed tha t th e c ry s t a l w a te r
a s so cia ted wit h dr ug m ole c ule s coul d be als o cha nged
its pr o pe r ty by grindin g .
Cr y s ta ll土 n e 七 b e o pbyll 土n e m o n ohydr a七 e w a s
cho se n fo r s tudy si n c e t he c rystal s tr u ctu r e of both
the hydra te
8 6)
a nd th e anhydr ate
87) ha v e alr eady
be e n r epo r ted ｡ She f te r et al.
88′89) ha v e studie d
- 1 8 -
t he de hydr at io n k土n et lc s of theo phyl l 土ne m on ohydr ate
by u sin g t he powde r X - r ay d i f fr ac tio n te chniqu e 卓
Re c e ntlyJ 七he dehydr atio n k 土ne t土cs of the ophyl l 土n e
hyd r at e w as a l s o d e t e r mi n ed by O ts uk a an d
Ka n e niw a90)p su zu ki e t al ｡
24)
∫ a nd Abo u - Sha aban and
s im o n e1 1 i9l D92).
ェ n the p r e s e n七∴ s t udy ′ a n 土 n v e s七土ga七土o n o n
cha nge in sta te. of w ate r con tain ed in t he
ophyl L in e
hydr ate by grindi n g ha s be e n m a de ･ The grinding
ef fe c t on dihydr at io n be havio ur of c rys tal w ate r of
the ophyl l in e hydr ate w a s m ainly ex a min ed by the rm al
a n aly sis I F u r t he r m o r e, ch a nge in cry st a l l in e
cha r a cte ris tic s, lo s s in w ate r co nte nt a nd cha nge in
= R spe c tr a w e r e als o stud ied . The r ehydr at io n
beha vior of gr ound the ophyl l in e hydr ate w as fu rthe r
in ve s t ig a t ed by e xp o si n g the s ample s t o high
r elativ e h11 ml d 土ty .
Re sults a nd Dis cu ssio n
Crys tal lin e Tr a nsfo r m at io n by Grind ing
工■t w a s r ep o rted th a t the cb a 土n s o f w a te r
m ole c ule s which hydr oge n - bo nded w i th t he ophyl l in e
m o le c ule s e xisted alo ng t he pla n e pa ral lel to t he c -
?x is of t he c rysta1
8 6)
. cha nge s in p o wde r X - r a y
d土f 王r a c七土o n pa tte r n s of t he opbyl l 土n e hydr ate by
grind in g w e r e obs e rv ed a s sho w n in Fig . 2 . The
主n te ns土ty of d 土f fr a ct 土o n pea k du e to the ophyll in e
m o no hydr ateJ e spe c土･al ly 土 n the (bkO) pr o〕e ct 土on s′
de cr e ase d . to a la rge e xte nt a t a n initial stage of
- 19 -
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Fig . 2 砂 Cha nge 5 in Po wde r X - Ray Di f fr act io n
P at te r n s of The ophyl L in e Hydr at e as a
Fu n ct io n of
Grind ing
D g 3 0 s ; E g
a nhydr ate ｡
Grind ing
t im e.. Ag
i min t.
Mi l le r
m o nohydrate
ac co rd ing to
Tim e
inta ct; B v 5 s言 C g 1 0 ら ,.
F q 5 min p
. G, 10 min ,. H q
ind ic e s of t he ophyLl in e
a nd a nhydr a七e w e r e c alc ula ted
r e王s 8 6 a nd 87 re spe c七1v ely ｡
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g r indin g a nd
.
s l ightly d e c r ea s ed w h e n fu rth e r
grind in g pr oc e eded･ =n ad ditio np the d
i f fra ctio n
pe ak du e 七○ (2 01) pla n e (20
- 12｡ 6
o
) of t be ophyl l 土n e
a nhydr ate a p pe ared afte r gr ind in g m o r etha n 3 0 s a
nd
the in te n sity o f this d i f fr a ct io n pe ak gr adu al ly
in cr e a sed wit h fu rt her grind ing tim e ･
o bt a i n e d r e v e aled-t ha t t he c rys ta l
the o phyl l土n e mon ohydrate c ol la ps ed by
th e n a p a r七 ○ 王 the th e ophyl l ln e
The r esu lts
l a t t ic e of
grind ing a nd
m ol e cu l e s
s ub s equ e nt ly re a r r an ged t he c ol laps ed lattic e t o
fo r m t he ophyl li n e a nhydr ate , m o stly alo ng (2 01)
pla n e pa r al lel to the b - a xis ｡ = t w as a lso ind ic ated
th a t tbe opbyl l土 n e e x土 s t ed 土n bo th hydr at e and
a nhydr ate state s in t he gr ou nd s a mple s ･ Th is f ind ing
w as in good a gr ee m e nt wi t h the obs e r v ation t hat the
fr e sh ly - gr o u nd s am ple of inda n etr io n e
bu tyl be n z oyl - N - phe nylhydr a z o n e) a c eto n e
po wde r photo gr a ph s ha v土n g
･
c o mpo site
s olv ated a nd de s olv ated c rys tals
93)
｡
e vi de n c e of t he fo r m atio n of dehydr ated
ob s e r v ed 土n t he g r o u nd s a mple s o王
2 - (N - p - te rt -
s olv ate g
■
a v e
王e atu re s o f
Ho w ev er p n o
c rystals w as
c epba le x土n
m o n ohydr a七 e
5 1)
∫ a m p土c 土1 1 土n tr 土hydr ate
70)
∫ S Od土 u m
p r a s te r o n e sul fa t e d土bydr a t e
6 9) a nd c ef土 Ⅹ 土 m e
tr土hydr ate
71)
.
Lo ss in Wa te r Co nte nt by Grind ing
A s t he gr in d in g pr o c e eded p t he lo s s i n w ate r
c o nt e nt o 王 tbe opbyll 土n e hydr ate w a s ob se r v ed a s
pre se nted in F ig . 3 . = t w a s sho w n tha t the w ate r
c o nte n t of the gr o u nd sa mple s slight ly de c r e a s ed at
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a n i nitial s tage Of the grind ing a nd de c r e a sed
gr adu ally when the grindin g tim e pr oc eeded m o re tha n
3 m in ° Afte r gr ind in g fo r 1 0 min g the gr ou nd s ample
w a s fo u nd to be 6｡ 4 % of w ate r co nte nt ･ =n ad d i t io n p
the lo s s in w ater c o nte nt Of the ophyl l in e hydr ate by
grind in g c or re sponded v ei l to the c rystal gr o
w t h of
(2 01) pla ne of t he dehydr ated c rystal (Fig ･ 3)･ The
lo s s in cry s tal w a te r m ay b e a c c ele rated bot h by
m e c ha ni c al impa ct a nd by he at ge n e ra ted du ring
grind in g ･ The m e cha nical
d a m ag e wh土cb pr odu c e s
d e hyd r at io n r at e a nd
de hydr ated c rystal ｡
impact gl V eS the c rystal a
l
a dy n a mi c ef fe c七 o n 七he
th e n u cl e a t土 o n o f 七h e
c ha nge in Dehydr at io n Beha vio u r by Grinding
The dehydr atio n beha vio u r of c rystal w ate r fro m
t he ophyllin e hydr ate w a si n v e st ig a ted by the r m a l
a n aly s i s ; i . e . , D S C, T G a n d p r e s s ur e D S C
m e a s ur e m e nts . Figur e 4 s ho w s the grind ing ef fe ct o n
D S C c ur ve s of dehydr atio n of t he ophyll 土n e hydr ate .
工 n th e c a s e o王 tb e c r y st a l l 土n e 七he ophyl lま･ n e
m o n obydr a te l the debydr at土o n c ur v e sho w s a sha r p
e ndo the r mic pe ak a t 6l
o
C . A s t he gr ind in g tim e
in cr e a s ed, t he dehydra tio n te mpe r atu r e of cr ys tal
w at e r of t he opby l l土 n e sb 土ft e d t o a l o w e r
te mpe ra tu re . The dehydr atio n c u r v eof the 5 s
gr o u nd s a mple ap pe a r ed to b e of tw o st ep s o f
d e hyd r ati o n , lo w e r a nd h igh e r t e mp e r at u r e,
r e spe ctiv ely . Whe n t he gr ind in g fu rthe r pr o ce eded
to 1 0 s ′ t be opbyll土n e hydr ate debydr ated 土n 七hr e e
- 23 -
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Grind ing t ime
･
･ A , inta ctl
･ B ( 5 s ; C( 10 s l
'
D
, 1 5 s; E, 20 s ,
･ F, 2 5 s ,
. G, 30 sき H , 45 s ; エ,
1 min ,
･ J, 3 mirll
･ K , 5 min ,
･ L , 7 min y･ ” ( 1 0 m in ･
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s t e p s a t l o w er p i n t e r me di a te an d h ig
h e r
te mpe ra tu re sp re spe ct iv ely ･ Af te r grind ing fo r 3 0
s ′ the debydr at 土o n pe ak at t he h 土ghe r 七empe ratu re
d is appe a red･ As the grind in g fu rthe r pr oc e ededr a n
in cr e a s ein pe a k inte n si ty at t he i nte r m ed iate
te mpe r a tu r e w a s obse r ved ･ Mo r e ov er p in t he c:a s e of
the 10 min gr o u nd 畠am ple l O nly a br o ad dehydr ation
p e a k a t th e lo we r t e mp e r a t u r e r em a in ed ･ Th e
r ela t io ns hip b etw e e n the on set te mpe r atu r e s Of
de hydrition ob tain ed fr o m D S C m ea s u r e m ents a nd t he
gr ind ing tim e is sho w n in Fig ･ 5 ･ The dehydr at io n
te mpe r atu r e s o f gr o u nd the ophyl lin e hydr ate we r e
fo u nd to be c a. 5 8, 44 a nd 17
oC, pr evio usly n a m ed
t he h igh e r l th e i n t e r m ed iat e a nd th e l o w e r
t e mpe r atu r e s o f de bydr at土o nl r e Spe Ct 土v ely ･ ℡he
r e s ul t ob tain ed r e v e aled tha t t he c rystal w a七e r 土n
the gr o u nd t he ophyl l in e hydr ate might e xisted in at
le a st t hr ee sta te s.
工 n add 土t土o n ′ t he ef fe ct o f
cu r v e s of t be ophyl l土n e bydrate 土s
As the gr indi ng tim e i n c r e a s ed,
te mpe r atu r e of the c rys t al w ater
g r ind ing o n T G
sho w n in Fig . 6 .
t he dehydr at io n
of the oph,yl l 土n e
hydr ate t e nded to sh i ft to a lo w e r t e mpe r atu r e.
T his r e s ult indic ated a go od agr e em e nt wit h t he
r e su l t obta in ed by D S Cstudy . T he obs e r v at io n t ha t
t he g
･
r⊥nd 土n g af fe cted the debydr at 土o n te mper atu r e o王
t he c ry s t a l w at e r of
s hif tin g i t to a lo w e r
t he r e s ul ts fo u nd 土n
d 土hydr ate
69)
∫ a mpl C土11 土n
the ophyl l土 n e h yd r at e b y
te mpe エ
ー
a tu r e Was S土m土1a r to
s od iu m pr a ster o n e s ul fa te
tr 土hydr ate
70)
∫ a nd c ef土Ⅹ 1m e
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F ig o 6･ Cha nge s in T G Cu rv e s of The ophyl lin e
Hydr ate a s a Fu n ctio n of Grind ing Tim e
Grin ding t im e: A( inta ct; B8 5 s l
･ C g 10 s ;
D′ 3 0 s; E′ 1 m上n .
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trihydr ate
7 1)
中
F ig u r e 7 sho w s the p r e s s u r e D S Cc u r ve s of
u ngr o u nd a nd 5 min gr ou nd sa mple s of the o phyl l in e
m o nohydr ate ･ With an in c r ea se in a p pl ied ni tr oge n
ga s pr e ss u re , t he dehydr at io n e ndo ther mic peak of
the u ng
-
r ou nd s a mple be c am e br oaden ed a nd te nded to
sh i f t to h ighe r tempe r atu re whi le that of the 5 min
gr o u nd s ample pro no u n cedly sh ifted to a highe r
te mper atu r e . 工t w a s als o 土nd土ca ted tha七 the on s et
te mper atu r e of t he dehydra tion endot he rmic pe ak of
th e ungr o u nd s ample w as sl ight ly af fe cte d by
pr ess ur e whe re as t hat of t he 5 min gr o und s a mple wa s
m a rked ly af fe cted by pr essu r e . Pr ess u re - te mper atu r e
ph a s e d iag r a m fo r d ehydr at io n of the ophyl l in e
hydr ate w a sc o ns tr u cted fr o m 七he re s ul七 ob ta土n ed
fr o m pr e s su r e D S Cm ea su re me nts ( Fig . 8). The pha se
tr a ns土七土o n c u r v efr o m bydr a七e state to a nhydr a七e
s七a七e of the 5 m土n g
-
r o u nd s ample exists a t a lo we r
t e mp e r atu r e tha n th at olf th e u ng r o u nd s a mple .
Ac co rd 土叩 七o 七he pha s e r ule
9 4)
′ the r e s ul t r ev ealed
that the sta te of w ate r in the 5 min gr o u nd sa mple
w a s d i fe r e nt fr o m tba 七 of w ate r 土n t he u ng
'
rou nd
s a mple . =t w a s s uggested that the grindin g cau s ed
change 土n state of w ate r of tbeophyl l 土ne hydr ate .
=n ge n er alp t he str on ge r the hydr oge n bond be tw e en
w at e r m ole c u le s a n d dr ug
.
m o le c ule s in c ry s ta l
h yd r a t e ′ t he h土gh e r 土 s 七h e t e mp e ra t u r e f o r
dehydr atio n of w ate r fr om the c rystal 1at tice
4t95)
.
Thu sp i t w a s as su m ed t hat the hydr oge n - b o nd ing
en e rg y be tw ee n w ate r mole c ule s a nd t he ophyll in e
- 2 8 -
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m ole c ule s w a sde cr e ased by grind ing ･
cha nge in Infra red (r R) Spec tr a by Grinding
A c c o rd in g t o th e r ep o r t O n t he
s tr u ctu r e of the o phyl lin e m o n ohyd r a te p
s ug ge sted t hat e ach the ophyl l in e m ole cule
to o n e w ate r mole c urle by an - O H
｡ … N - bond
o f - C : N - (imin o) gr o upp a nd e a ch w ate r
c ry st al
s u七o r8 6)
is l in ked
at N ato m
m ole c ule
fu rt her fo r m stw o hydr oge n bonds wi t hadja c e nt w ate r
m ole c ule s. As it w a s r epo rted t hat hydr ogen be nding
o f w ate r m ole c ule s to the hos t orga n ic m ole c ule s in
the c rys tal lat tic e c o uld pla y a n impo rta nt r ole in
t he de hydr atio n of the o rga n ic hydr a te s
4 v 9 3g9 5)
g
fu r the r study o n 七he m ole c ula r s t a te o£ c rys七al
w ate r o王 the ophyll土n e w a s ca r ried o ut by m e a ns o £
FT - エR s pe ctro s c op y｡ Figu r e 9 sho ws cha nges in F T- = R
spe ctr a
grinding
150 0 c m
spe ctr a
t hat o 王
o王 t he opbyl l土n e bydr a七e a s afu n c七土o n of
t im e in the r e gi on s O f 380 0- 3 0 0 0
. =n bo th r egl O n S Of w av e n u mbe rq
o f t he ophyl l土n e hydr a七e 七e nds 七o
a nhydr ate a s t he grind ing t im e
The c rys tal lin e tbe ophyll土n e m on obydr ate
a nd 1 8 0 0-
t he F で一 工R
cha nge to
土n cr eas ed｡
show ed a
br o ad ba nd a ro u nd 3 340 c m
- 1
. T his band w as a ssign ed
t o t he hydr o xyl s t r etc h in g v i br at io n of w ate r
m ol e c ul e s whi c h fo r m ed a hydr o g e n b o nd w ith
t beo phyl l 土n e m ole c ule s 土n ad d 土t土o n to othe r w ate r
m ole c ule s . Whe n the grind in g t im e in c rea s edg the
inte nsi ty of t his ba nd w a s fo u nd to de c r e a s e. T h is
r esu lt w a s at tri bu ted to t he los s ln w ate r c o nten t
by gr in d ing a s w ell a s t he de c r e a s ein t he n u mbe r of
- 31
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Fig 申 9 o Cha nge s in F T
- =R Spe ctr a Of The ophyl l in e
Hydr ate a s a Fu nct ion of Grind ing Tim e
Gr ind ing t im e: Ap inta ct; Bv 5 s; C v 1 m in;
Dv
5 m in 言 E g 1 0 min ; F , a nhydr ate ｡
- 3 2 -
hydr o ge n bo nding of w ate r m ol
e cule s･ Mo r e o ve rp t he
F T- = R ba nd of the ophyl l in e hydr ate a rou nd 1 6 5 0c m
-l
w a s a ttr ibu ted t o the be nd ing vi br a tio n of w ate r
m o l e c ule s , a s n o F T- =R
a p pe a r ed 土n the ophyl l土n e
土nte n s土ty de c r e ase d a s the
a nd o nly t he sho ul de r of
afte r grind in g fo r 10 min ･
a tt r 土b u 七 e d t o th e l o ss
b a nd a ro u nd 1 6 5 0c m
- l
a n hydr ate ･ Th is ba nd
grind in g tim e in c re a s ed
th is ba nd w as ob s e r v ed
Th is obs er v atio n als o
土 n wat e r co n七 e n 七 of
the ophyl l in e hydr ate by grind ing ･ =n ad d i t io n , the
F T- = R ba nd o f c rystal l in e the ophyl l in e mo n ohydr ate
a t 1 5 5 5c m
- 1
w a s a s s ign ed to the imino stretch ing
l
v ib r at io n9 6) . = n th e c a s e o f th e ophyl l in e
a nhydr a te y this ba nd w as o bse r v ed at 1 5 6 7c m
- l
･ The
i n c rea s e in gr ind in g tim e r esu l ted in t he sh i ft of
t he imin o ba nd to a h ighe r w av e n umbe r･ =t w a s
s ugge ste d t hat the hydr ogen bo nds betw e e n c rystal
w ate r m ole c u le s a nd tbe o pbyll 土n e m ole c ule s we r e
w e ake n ed o r de str oyed to so m e e xte nt by grinding ･
Rehydr atio n Beha vio u r of Gr o u nd T he ophyl l in e 斑ydr ate
The r ehydr at io n beha vio u r of the gr ou nd s ample s
o f t he ophyl li n e hydr ate w a s ex a min ed by e xpo s土ng
■
the m to a n atm o sphe r e of 96 ･ 5 % R Ha t 3 0
o
C ･ F igu r e 10
sho w s po wde r X - ra y d 土モモr a ct土o n pa t te rn s a nd w a te r
c o nten t o f gr ou nd t he ophyll in e hydr ate af te r sto r age
u nde r s uch co nd 土t土o n . 工t w as 土nd 土c ated t ha t all of
t he gr o u nd s a mple s tr a n sfo r m ed to mo n ohydr ate afte r
sto r age fo r o n e w e ek . T he dehydr at io n be ha vio ur of
e ac h s to r a ge sam ple , s tu d ied by D S C m e a s u r e m en ts ,
- 3 3 -
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Fig o 巧0- Po wde r X - Ra y Di f fr actio n
The ophyl l in e Hydr ate Stor ed u nde r
fo r On e We ek
Grind ing t ime befo re sto r age
.
･ A,
pa t te rn s o 王 Gr o u nd
9 6. 5% R H a t 30
o
C
inta ct; B, 5 s ; C,
1 0 s v
･ Dv 30 s; E v 1 m in ; F v 5 min ; G ′ 10 min ｡
p e r c e ntage 5 0f w ate r c o nte n t a r e ln d 土c ate d abo v e
e a ch d iffr a ct io n patte r n.
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a r e s ho wn i n F ig o 1 1･ = t w a s obs e r v ed that t he
c rys ta l w ate r in the gr o u nd s a mple s of
t he ophyl lin e
h yd r a t e r e c o v e re d t o d ehyd r at e a t
a b 土ghe r
te mpe r atu r e af te r s to r age u nde r 9 6｡ 5% RH a t 3 0
o
C fo r
o n e w e ek ｡ = n ad di ti o n , u n d e r th is st o r ag e
c o ndi ti o n q a l l o f t he g r o u n d s am pl e s sh o w ed
dehydr at io n e ndo t he rmic pe aks a r o u nd 5 7
Q
c wh ich w e r e
a s s u m ed t o b e t ha t o f 土n t a c上 土b e ophyl l土n e
m o n ohydr ate ･ = t w as s ug ge sted thaty af te r sto r age
a t a h igh hu mi d ity t the c rys tal w a te r m ole cule s
r e a r r a nged fr o m a d is orde r ed s tate to a n o rde r ed
s t a te and the r uptu r ed hydr og e n b o nd s b et w e en
c rystal w ate r m ole c ule s a nd the opbyl l 土n e m ole c ule s
w e r e r e sto r ed . Ho w e v e r, a n in c r e ase in gr ind ing
七土m e r e s ulted 土n a de cr e as e 土n t he 土nte ns土ty of 七be
r e c o ve r e d d e hyd r at io n p e ak a t th e h igh e r
te mpe r atu r e . This r e s ult ind ic ated tha t the lo nge r
th e g r土 n d 土n g t 土m e ∫ th e m o r ed土f f 土c ult w a s th e
r e c o v e ry o f c r y s t a l w at e r of the ophyl l 土n e t o
de hydr ate at the h ighe r te mpe r atu r e.
w o rds ′ 土t s e e m ed to be d 土f王土cul t 王o r wa te r
o f t he lo nge r - t im e gr o u nd s a mple s to fo r m
hydr o ge n bo nds wi th the ophyl l in e m ole c ule s
工n ot he r
m ole cule s
str onge r
s土n c e 七he
l a tti c e d ef e ct w as in c r e as ed by grin d in g . T he
r ela t 土o n sh 土p be tw e en the on s et te m pe r atu r e s of
debydr at土o n
D S Cc u r v es
r e pre s e nted
R H a t 30o C
de bydr at土o n
o f t he ophyll in e hydr ate v ob tain ed fr o m
in F ig . ll , a nd the gr ind ing t im e wa s
in F ig . 1 2. Afte r sto r age u nde r 9 6. 5%
fo r o n e w e ek′ t he r e w ere t hr e e steps of
o王 c rysta l w ate r o王 the gr o u nd
- 3 5 -
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0 ,
A ,
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sto r ed u nde r 9 6. 5 % R Hat
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the ophyl l 土n e hydr ate a七 r espe ct 土v e
th e s a me r eg i o ns a S t ho s e fo u nd
s ample s befo r e sto r age ｡
te mpe ra 七u re s 土n
in the g r o u n d
As the grind ing r edu c es t he pa rticle siz e and
chan ge s the s u rfac e fea tu re of the c r ystaLp it se e ms
tha 上 土he s e cba ng
■
e s
beha vio u r of the
Toget he r wi t hthe
fe atu r ey the cha nge
m o l e cu le s 土 n t he
crystal defe c七 ′ ha s
m ight af fe ct t he dehydr at io n
c ry stal lin e hydr at e
9 0q97 - 9 9)
也
pa rti cle sip: e a n d the s u rfa c e
土n t he mole c ula r sta te of w ate r
c r y stal 1a t t ic e p p r odu c ed by
an 土m po rta n七 r ole 土n de te エ
ー
m 土n 土ng
t he de hydr atio n beha viou r . The r e su lt obtain ed in
t h is study de mo n str at ed t hat the hydr o ge n bo nd s
betw ee n c rystal w ate r m ole c ule s a nd t he ophyl l in e
m ole cule s w e r e w eake n ed o r de str oyed 七o so m e e xtent
by grind ing , r e sult ing in the dehydr atio n at lo w e r
te m pe r atu r e. 工七 w as suppo s ed 七ha t c ry stal w ate r
m ole cu le s i n the gr o u nd s a mple s of t he ophyll in e
hydr ate might ex ist i n at le ast thr e e mole cula r
state s of d i f fe r ent hydr oge n bo nding.
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P A R ℡ X =
Study o n Dehydrat ion Beha vio u r of
The ophy1 1 in e 放o n ohydr ate by
Pr e s ur e D if fe r e ntial Sc an ning
. Calo rim etry
The dehydr ation of c rys tal hydr ate s is a com m o n
phen o men o n in phar m ac eu tic al technology . Nu m e r o u s
m e th od s h a v e b e e n u s e d to study t h is pr o c e s v
in cluding t he rm al an alysis
l 0 0- 10 3)
y t he r m o mic ro s c opy
(h o t - s tage mic r os co p y)
10 4- 1 0 6)
v p o wde r X - r ay
d i f fr act io n8 8,8 9)p infr a r ed spe ctr os c op y and Ra m a n
s pe ctr o s c op y
l O7 y1 0 8)
. The dif fe r e ntial the r m al
a n alysis (DT A)p D S C a nd T G a r e pote nt ial te chnique s
of 七he r m al a n alysュ. s ′ c o m m only e mployed fo r study of
t he dehydr a七土on oモ the bydr ate s ｡
Th e r e
t he opbyl l 土n e
u s ed D T Aa nd
t he ophyl l 土n e
a re m a ny r e p o rt s o n de hydr a tio n of
m on ohydr a te . Sek iguchi et al .
2 4,1 0 9)
D S C to ex amin e dehydr atio n bebav土o u r of
hydr ate . Fu rt he r in v e st iga t io n s by D S C
w e r e als o r epo rted by S e r a〕udd 土n
l l O)
∫ Fo kke n s et
a 1 ｡
11 1) a n d B r u n s e t a 1 . 1 1 2) . Th e h o ト s t a g e
m 土 c r o s co p y w a s al s o e mpl o ye d t o st u dy the
dehydr at io n of the ophyllin e m onohydr ate
9 5Fl 1 3pl 1 4)
｡
=n ad d i t io n p p o wde r X - r ay d if fr a ct io n
8 8T 8 9) a nd
the r m ogr avi m etr y
2 4,9 0- 9 2) w er e u s ed to de te r min e
de bydr a七土o n k 土net ⊥c s o王 t he ophyl l 土n e m o n obydr ate ･
stud 土e s of the r m al a n alysュs u nde r ele v ated
pr e ssu r e ha v e be en m ade by n u m e r o us in ve stigato r s･
s to n e
l1 5pl16) u s ed pr e s s u r eD T A to study the ef fe ct
- 3 9 -
o f ga s pr e s s ur e o n m a ny type s Of r e a ction s v su ch a s
o xida t io n p the r m al de c o mpo sitio n of c arbon ate s a nd
hydr ate s , c a talytic a ctivity a nd so o n中 Fur ther mo r eg
Le vy e t al .
1 17) sta ted tha t pre s sur e D SC c a n be u s ed
to study v apo u r- liqu id e qu ili briu m p c o m pet itiv e
r e a ct io n s, r elat iv e o xida tiv e stab i l ity and pr es su r e
i n d u c ed r e a c七 1 o n ; G a r n
l1 8) a l s o s七u d土ed a
de hydr o xyla tio n of k a ol in a nd a de c o mpo si tio n of
ba riu m ch lo ride d i hydr ate e mploying D T A a t sub - a nd
s upr a - a tm o sphe ric pr e ss ur e of w ate r v apo ur 中 Br o wn
e t a 1 .
1 1 9)
u s ed a high - pr es su r e t her mobala n c e t o
s t u dy t h e d e hyd r at i o n o f c o p pe r s ul fa t e
p e nt a hydr a t e . T he h igh p r es s ur e D T A w a s al s o
c a r ried o ut o n study of s ublim at io n of s om e m etal
fl u o r i de c om pl e x e s
1 20)
p r edu ct io n r e a ct io n by
c at a ly s t
1 21 p 1 2 2) a nd s ol i d- s ol i d ph a s e
tr a n s土t土on1 2 3
- 1 2 5)
｡ Re c e ntly ′ de c o mpo s比 土o n of s o m e
b a si c m eta lli c c a rbo n ate s s u ch a s b a sic nickel
c a rb o n ate hydr ate w a s stu d ied e mploy i ng h igh
pr e s s u r eD T A by He n mi
o n in o rga nic hydr ate s
that t he de bydr a t土o n
土nヒe r m ed 土a 七e ste ps of
pre s s u r e
l 1 6′1 18′1 28)
｡
e七 a l . 126,1 2 7) som e stud ie s
by high pr e s sur e-DT A ind ic ated
pr oce s s w a s r e s olv ed a nd t he
dehydr at io n ap pe a r ed a 七 h 土gh
= t is n otic ed t ha t t he s tud ie s of pr e s s ur e D T A
o r D S C w o rks o n de hydr at ion of the hydr ate s ha v e
b ee n do n e fo r in o rga ni c m ate rials p n o study ha v e
bee n m ade fo r o rgan ic o r pha r m a c eut ic al hydr ate s. =n
t his w o rk′ t he pr es s u r eD S C w a s e mplo yed to s tudy
the dehydr atio n of t he ophyl l in e mo n ohydr ate . The
- 4 0 -
e f fe ct of n i tr oge n ga s pr e s su r e o nD S C c u r v es of
dehydr at io n w as 土n v est土ga七e d o We 土gbt lo ss as w el l a s
cha nge s in po wde r X - r ay dif fr a ctio n patte r n s a nd = R
s pe ctr a by he at ing at high pr ess u r e of n i tr oge n gas
w e r e also e x amin ed 争
As w e could ob tain t he tr an s土七土o n te mpe r atu r e
of r e a ctio n at ea ch pr e s u r e fr o m pr es s ur e D S C
m e a s u r e me n t v i t i s p o ss i b le t o d e t e r mi n e
qu an七1 七a七土v ely 七he he at of r e a c七土o n fr o m th e
r elation ship betw e en pr es su re and te mpe r atu re u sin g
Cla u si u s - Cl ap e y r o n e q u at io n ｡ Th e
dehydr at ion of the ophyll in e m on ohydr atep
fr o m pr es su r e D S Cda 七a ′ w a s als o 工･e po 工
･ ted ｡
Re s ul ts a nd Dis c u sio n
工n t b 土s s七udy ′
w e r edon e u sing
alu min u m s ol i d
Pr es su r e ra nge
M Pa (1 atm) to
the pr es su r e
h e at o f
dete r min ed
D S C m e a s u rem e nts
tw o k inds of sa mple pa n s∫
pa n a nd pi n - ho le alu minu m
●
of ni tr oge n ga s ap pl ied
5 M Pa . Figu re 13 sho ws
D S Ccu rv e s of t he opbyl l 土n e m o n ohydra七e
s ol i dalu min u m pa n w as u s ed ｡ A t O ｡ 1
e n do t be r m土c pe ak w a s obs e r v ed ｡ As
a p pl土ed 土n c r e a s ed ′ the e ndot he r m土c
br o aden ed a nd te nded
W as
Ⅴ土z ｡ o pe n
pa n . T he
fr om 0 . 1
t he
w he n
M Pa p
t he
pエ
ー
e S S u r e
the ope n
a sha rp
pr e s u r e
pe ak be c am e
to sh if t to highe r te mpe r atu r e.
Wh e n th e p i n - h o l e alu mi n u m p a n
l
w a s u s ed q t he
pr es s u r eD S Cc u rve s of theo phyll 土n e mon ohydr ate w e r e
sho w n in Fig ｡ 14｡ A t O｡ 1 M Pa p t he e ndo t be r m土c pe ak
had a te nde ncy 七o be r e solv ed 土n 七o tw o pe aks ｡ W土th
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t he fu r the r in cre a s ed pr e ss u r eg the e ndothe r mic pe ak
w a s m a rked ly d ivi ded in to tw o Pe aks 申 Fu rth
e r mo r eu a s
t he pr e s s u r ein cr e a s edq the e ndo the rmic p
e a k at t he
lo w e r te mp e r atu r e W a sn ot Si gn if ic a nt ly a
f fe c ted*
whe r e a s
h ighe r
pe ak a t
at 七be
r e s ul ts
tha t a t t he h ighe r te mpe r atu r e Sh i fted to
te mpe r atu r e中 =n a d d itio n g th e e ndo t h
e r mic
the lo we r te lnpe r atu r e W a s Sharp whe r e as 七ha七
highe r te mpe ratu r e W a s br o ade n ed 砂 The
s e
indic ated t hat the sam ple pa n us ed had the
gr e at inf lu e n c es o n the pr e ssu r e D S C e ndothe r mic
pe ak o f 七he opbyll土n e m on ohydr ate ¢
se r ajudd in
l lO) a nd Su z uk i etL al¢ 2 4) studied the
de hydr at io n of t be o phyl l土ne m o nobydr ate a七 a mb土e nt
pr e s s u r e(o ◎ 1 M Pa). The y r epo rted t hat the sha rp
e ndo t he r mic pe ak fo r dehydr at io n of t he ophyl l in e
m o n ohydr ate ob tain ed by u sin g ope n pan w a s d ivi ded
in to tw o e ndo the r m土c pe aks whe n the s e aled pa n wa s
u s ed｡
○ 王 tbe
effe ct
he atin g
s a mple
se r ajudd in
ll O) s･u gge sted that the s epa r atio n
de hydr atio n endo t be r m土c pe ak w a s du e to the
o f w ate r v apo ur pr e s s u r ege n e rated du ring
a t t he s u rfa c e of the s a mple . The ef fe ct of
p a n s us e d o n d ehydr atio n .p e ak w a s als o
r epo rted in ot he r hydr ate s
1 29 - 1 3 1)
｡ Re c en tly y =sa
a nd c o w o rk e r s132 p133) a l s o r ep o rt e d t hat the
d ebydご a 七1 o n ste p s c o ul d be s ep a r ated w 土tb 七b e
u ti li2i atio n of qu a si - se alin g pa n ( a s e aled
pa n wit h a s m al l le ak alo ng t he t hin wir e)p
七be g
■
en eエ
ー
a te d a tm o sphe r e o王 w ate r v apo u r
土m po rta n七 .r ole o n dehydr atio n rea ct 土o n ｡
a lu min u m
t hat 土s
plays a n
Fo r th is
stu dy, it w a s s ug ge sted tha t t he e v apo r at io n r ate of
- 4 4 -
w ate r v apou r fr om t he pi n - ho le pan w as slow e r tha n
l
that of w ate r v apo u r fro m the ope n pa n ｡ The refo re ,
the se pa r atio n of t he dehydr a t io n endot he r mic pe ak
obs er v ed 土n the ca se O£ pl n - hole pa n migh t be du e 七o
the inf lu e n ce of pa rtial pr e s su r e of w ate r va pou r
g e n er ated o v e r th e s a mpl e in si de th e pa n 申 = n
ad ditio np the s epa ratio n of e ndo the r mi c pe ak w a s
enhan c ed at h ighe r pr es s u r e｡
W ith the u ti li z at io n of p i n - h ol e p a n g the
r e s ul t t hat t he e ndot he rm ic pe a k of the ophyl lin e
m on ohydr at e wa s re畠 oLv ed int o t w o p e aks s e e m s
i n te r e st in g f o r fu r t he r study ｡ W e ight lo s s of
the ophyl l in e m on ohydr ate by he atin g a t high pr e s s u r e
w a s ex a min ed ◎ P o w d e r X - r ay
spe ctr o s c opy a nd lo w te mpe r atu r e
t o i de nt i fy e a ch e ndo th e r mic
d if fr a ct io n F = R
DSC w e re e mployed
pe ak o b tain ed i n
pr es s u r e 5tudy ｡
Figu re 1 5 sho ws the w eight lo ss of the ophyl lin e
m o n ohydr a te on h e a ting u nde r O ｡ 1 g 1 a n d 5 M Pa
n i tr og e n g a s p r e ss u r e｡ T he we i g h t l o s s o f
■
the ophyllin e m o n ohydr ate in the ran ge of te mpe r atu r e
stud.土ed w a s d.u e 七○ 七he de bydra t土o n o王 c rystal
､
w ate r
fro m t he ophyl l in e m onohydr ate . A t O ｡ 1 M Pa nitr oge n
ga s pr e s su r ev the ophyl l in e m o n o hydr ate lo s t its
c rystal w ate r in nar r o w re glO n Of tem pe ratu r e｡ W he n
the pr es s u r e in c re a sed, t he
the lo s s in c ry s tal w ate r
sh i fted to highe r te mpe r atu r e｡
t he te mp e r atu r e r eg i o n s O f
pr e s s ure c o r r esponded w ell
- 45 -
te mpe r atu r e r egl O n O王
I
be c a m e br o ade n ed and
工t w a s 土nd 土c a七ed t hat
w eigh t lo ss a t e a ch
to 七be e ndo the rm土c
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cha nge s obs e r v ed in pr es s u r e DS C c u r v es ｡ The r efo re ,
bot h of the e ndot he rmic pe aks p i l lu str ated in Fig .
14v w e r e du e to the re act io n of lo s s in c ry s tal
w ate r of theophyl l in e mo nohydr ate 中
Figu r e 16 sho w s the cha nge s in po wde r X - r ay
d 土ffr a ct 土o n pa 上土e rn s of
he at ing a t 1
both of t he
m o n ohyd】ごa 七e
the ophyl lj. ne
o
c v t he e nd
tempe r atu r e.
a nd 5 MPa
pr e S Su r e
c r y stal
a nhydr ate
七he ophyl l 土n e m o n ohydr ate by
of nitr oge n ga s pr es su r e. At
stud iedp t he the ophyllin e
w as t r a nsfo r m ed to be t he
c rystal af te r he at in g upto 90
o f 七he endo t he rm土 c p e ak a t a lo w e r
Fu rthe rm o r ep af te r he atin g u pto t he e nd
of 七he e ndo 七he rm 土c pe ak at a b土g
▲he r t e mpe r atu r e ′
i ｡ e ‥ 1 5 0 a nd 1 80
o
C at 1 and 5 M Pa ni tr oge n ga s
pre s s ur e r e spe ct iv elyy the powde r X - r ay dif fra ct ion
p a 七七 e r ns o f 七he o phyl l 土n e a n hydr a t e w e r e s七土1 1
obs er v ed｡
The cha nge s in FT - = R spe ctr a of the ophyl l in e
m o n ohydr ate upon he ating a t 1 a nd 5 M Pa ar e sho w n in
Fig ･ 1 7･ Th e F T - = R s p e ct r a o f th e op hyll in e
m o nohydra te cha nged to be tha t of the an hydr ate whe n
t be opbyl l 土n e m o no hydr ate w a sb e ate且 u pto 9 0
o
C a t
both l and 5 M Pa . =n ad di tio n, whe n the ophyllin e
m o nohydr ate
l
w a s fu rt he r he ated u pto 15 0
o
C a t l M Pa
a s w el l a s upto 18 0
o
C a t 5 M Pa p t he FT
- = R spe ctr a of
t he anhydr ate w e r e sti l lobs e r v ed ･ T h is r e s ult
indic ated a go od a gr ee m e nt w i t hthe r es ult obtain ed
by po wde r X - r ay d 土ffr a ct土o n｡
F u r th e r m o r e′ th e l o w t e m p e r at u r e D S C
m e a s u r e mn ts w e r e c a r ried o ut a t l M Pa nitr oge n ga s
- 4 7 -
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p r e s s u r e4 Th e lo w t e m p e ra t u r e D S C c ur
v e s of
the ophyllin e m o n ohydr ate is sho w n in F ig ･
18 せ Fo r
f ir st r u n of lo w te mpe ra tu re DSC m e a s u r em e ntv the
m o n oh yd r a t e c ry s t a l d i dn ot e xhib i t a n y
t he r m odyn a mic cha nge ar o und 0
¢
c p ind ic at in g n o
tr an sfo rm a tio n of c rys tal w ate r by ra pi d fr ee zin g
wi th l土qu土d
ru n of ヒbe
e xhibi ted a
a ss ign ed to
n i tr oge n
'
･ On t he othe r ha n d, t he s ec ond
s a mple he ated u pto 90
o
C′ 七he D S C c u rv e
sha rp e ndo the rmic pe ak at O
o C wh ich w as
t he m eltin g pe a k o f ic e･ Th is r e sul t
r e v e aled t he tr a n sfo r m atio n o王 c rys ta l w ate r 土n to
liqui d w ate r af te r he at in g u pto 9 0
o
C at l M Pa ･
By m e a n s of t he r e sults obta in ed fr o m powde r X
-
r ay d i fr a ctio n pa t te r n s, F T- = R s pe ctr a a nd lo w
t e mpe r atu r e DS C c ur v e s, i t w a s s ugge s ted that in
p r e ss u r e D S C of t he ophyll土n e mo n ohydr at e 七h e
e ndo the r m土c pe ak a t 七he lo w e r tem pe r atu re w a sdu e to
t he tr a n s土t土o n of t he opbyl l 土n e
t he o phyl l 土n e a nbydr ate and l 土qu土d
t he h ighe r te mper atu r e w a sdu e
v apo riz at io n of t he l iqui d w ater
a nhydr ate c rystal ｡
Pr e s s u r e- te mpe r atu r e d iagr a m
m o nohydr a七e 土nto
w a 七e r′ a nd t hat a 七
to the s ubs equ e n t
fr o m the ophyl l in e
王o r debydr at土o n o王
the ophyl lin e mo no hydr ate , i l lu str ated in Fig . 19,
w as c o n str u cted fr o m pr e s s u r eD S Cc u r v e s obtain ed by
u s土n g
'
t he pュ n - bo le pa n . でbe
m ol e c ula r spe cie s e xis ted
te mpe r atu r e. =n r egl O n A v
s tably e xis ts . =n r egi o n
a nd l土qu 土d w ate r c o e xis t .
pha se d 土ag
●
r a m sho w s the
a t e ach pr e s su r e an d
t he mon ohydr ate c r ys tal
B∫ t he a nhydr ate c rystal
And in r egi o n Cp the
- 5 0 -
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w a t e r e x ists as v ap ou r st ate ｡ Th e t r a ns itio n
七e m pe ra七u re fr om 七he m on ohydr ate to the a n hydr a te
d i dn ot signi f ica nt ly depe nd o n t he pr e s su r e ｡ on the
o t he r ha nd, the v apo riz atio n te mpe r atu r e o f w ate r
w a s str ong
･1y af fe cted by 七he pr e s s u r e｡
Th e he at o f de hyd r at 土o n 王o 工･ the o phyll土n e
m on ohydr a七e w a s fur the r dete r min ed fro m pr es s u re D SC
data ｡ T he r e s ul ts obtain ed a r e sho w n in
c o mpa ris on with s o m e pr evio u s w o rk s ｡
a1 ｡ 11 1) a nd Su z uk i et a1. 2 4) dete r min ed
dehydr at io n of the ophyl lin e m on ohydrate
v a po u r pr es su re a七 e acb
Clape yr o n equ at io n a nd
a nd 57 . 5 kJ/mo l for he at
s七udy ′ 土七 土s po s si b le
de hyd r a 七土 o n a sh e at
m o n ohyd r a t e t o th e
Tab le 1 in
Fo kke n s et
the he at of
王r o m w ate r
te mper atu r e u sing
. Cla us土u s -
r es pe ctiv ely r epo rted 55 . 8
of dehydr atio n . =n pr e s e nt
to c alc ulate 七he he at of
of 七r a n s土七土 o n fr o m th e
a nhyd r a七 e a nd he at o f
v apo r i z a tio n of t he libe r ated w ate r . The h e at o f
tr an sition , dete r min ed fro m D S C pe ak a r e a, w a s 1 0
kJ/m ol l =nte re stingly′ this v alu e agr e ed w el l with
that dete r mined fr om s olu bi l i ty data of the ophyl lin e
m o n ohydr ate a nd a nhydr ate by S hefte r a nd Higu ch i
8)
,
a nd W adke a nd Re土e r18)｡ Fu rthe r m o r e′ the h e at o f
v apo riz at io n w as de te r min ed fr o m the r elat io n ship
b e t w e e n p r e s s u r e a nd t e mpe r at u r e
Cla peyr on equ at io n . T he plot betw e e n
王o r t he v apo r土zat 土on of w ate r sho w s
a s pr ese nted in Fig . 2 0. T he he at of
w ate r c alc ulated 王r om the slope of
k J/m o1 . T he r efo r e, t he o v e r all he at
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b y Cla u s土 u s -
1o g P a nd 1/T
go od lin e a ri ty
v apo r土z at土o n of
the plo t w a s 6 4
o f dehydr at io n
Tab le 1 ..
Me a電 o骨De的yd酢a骨義o m o菅甘的e叩的y首且薗m eMo m onyd訂盈息e
He atof He atof He atof
Tran sitior) Vaporizatio n
幽
10
a
64
b
Dehydration
⊥
Pres e ntw ork 74
Fo他 rvs eta/.(1983) 55.8
C
su zukietaI.(1989) 57.5
C
a)Va一u e calc ulatedfro mD S Cpe akare a
b)Va(u e
.
c a[c ufated fro mpres s ureD S C data u singCla u siu s- ClapeyroりeqU atio n
c)Valu e
.
c alcu[atedfro m w ater vaporpre s s ure ate achtemperature u slng
Ctau slu S･ C7apeyro n equ ation
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obtain ed w a s
o b tain ed fr o m
Sche m e 1
t be ophyl l土n e
74 k J/m ol which s e e m ed highe r tha n t hat
w ate r v apo u r da ta ｡
i llu s tr ate s the de hydr a t io n pr o ce ss of
m o n ohydr ate ･ T he he at of dehydr atio n
c alcu lated u sin g w ate r v apo u r da ta is c on si de r ed in
t he w ay t ha t t he tr an s土七土o n pro c e s stake s pla c e 王
r om
a s ol id s t a t e t o
'
a g a se o us st a t e v n ot V ia a n
in te r m ed ia te l iqu id s ta te ･ On the o the r ha ndy i t is
po s si ble to u se the pr e s su r e D S C to sepa rate t he
dehydr at io n pr o c e s s a spha s e tr an s土七土on and w ate r
v ap o ri z ati o n ･ A s a c on s equ en Ce v the h e at o f
tr a n si tio n a nd t he he at of v ap o riz atio n co u l d be
de te r min ed r e spe ct土v ely ｡ エセ w a s de mon str ated t hat
t he pr e s s u r eD S C 七e cbn 土qu e s e em s u s eful to st udy
s u ch de hydra七土o n pr o c e s s of phar m a c e u七土c al hydr ate s｡
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Dehyかation Pro c e s s o官T he ophy=ne Mo n ohydrate
T P◎=20(ら)
A ‖i(
△=d
TP(s)＋H20(g)
△‖ vap
TP(s)＋ H20([)
AHd ニ AH廿 ＋ AH v ap
where △Hd 芸 He atofdehydratio n
A=tr 己 He aioftrans弼on
AH vap
= He atofv aponz ation
☆TP = The ophy”in e
Sche m el ｡
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CON C L U S IO N
Th is study w a s e mpha siz ed
c rys tal w ater of theo phyl l土n e
f ir st pa rt of th is study v the
b e e n d o n e o n 七he ch a ng
.
e 土 n
o n t he pr ope rt ie s of
m on ohydr ate . =n the
in v e stiga t io ns ha v e
s 七 a 七e of w at e r o f
the ophyl l in e hydr ate by grind in g ｡ The
■
r e su lts
ob tain ed c a n be co ncluded a s the fol lo win gs ;
1) Po wde r X - ray dif fr ac tio n study r e v e aled tha t
c r ystal l in e the ophyl L in e m o n ohydr a te t e nded t o
tr a n sfo r m to crys tal l in e an hydr ate wit h in c r e a sed
g rind in g t im e ｡ 工 t w a s a ls o i n d ic a t e d th a t
t he ophyl l in e e xi s ted in both the hydr ate and t he
a nhydr ate state s in the gr o und s a mple s 申
2) As the grind ing tim e in cr ea s ed q the w ate r
c o nte nt of th e ophyl l in e hydr ate d e cr e a5 e d 旬 = n
ad d i ti o n g th e lo s s in w a t e r c o nt e nt o f t he
the ophyl l in e hydr ate by grindin g c o r r e spo nded w ell
t o th e cr y s t a l g r o wth o f (201) pla n e of t he
dehydr ated c r ys tal.
3) D S C r e s ul ts 土nd 土c a七ed 亡ha七 t he dehydr a七土o n
te mper atu re of 七he ophyl l 土n e bydr a七e w a s sh土王ted to a
l o w e r t e mp e r at u re by g r in d in g ･ Th e
the ophyl l 土n e hyd工
･
a te dehydr a七ed 土n t hr e e
g r o u nd
ste ps at
c a ｡ 5 8′ 44 and 1 7
o
C r e spe ct土v elyJ W h i le the
the ophyll土n e m o n obydr ate de hydr ated at 61
o
C ･
u ngr o u nd
S 土m土1a r
finding w a s a ls o obs e r v ed in T G s tudy ･
4) Fr o m pr es s u 工
･
e D S C s tudy . t he debydr at土o n
te mpe r atu re of 5 m 上n g
･
r o u nd the opbyl l土n e hydr ate w as
a f王e cted m a rked ly by pr e s s ur e whe r e a st ha t of t he
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u 叩 r O u nd t he opbyll土n e mo n ohydr a七e w as a
ffe cted
sl igh t 1少 by pre ss u re ｡
5) W he n t he grinding t ime inc r eas edp the irlte nSity
of the hydr o xyl str etch in g v 土br at 土o n ba nd of cr ystal
w ater a r o u nd 33 40 c m
- 1 de c r e a s ed . The inte n si ty of
= R ba nd of t he ophyll in e hydr ate a ro u nd 1 6 5 0c m
- 1
p
w h ic h w a s at tribu t･ed to the be nd ing v ibr at io n of
w at e r m ole c ule s J W a s al s o de c r ea s ed w土th 七be
in c r e a s ed grindin g tim e･ =n ad d i t io n ( the in cr e as e
in grind ing
s tr etc b土n g
b 土ghe r w a ve
6) Afte r
3 0 o C fo r
tim e r e s ulted 土n the sh i f tof t he 土mi. no
v ibr at io n band of the ophyl l in e to a
n u mbe r.
sto r age u nde r 9 6. 5 % r ela tiv e hu mi d i ty a t
o n e w e ek ′ al l of 七he
t r an s f o r m ed t o th e m o n obydr ate
de hydr atio n D S Cpe ak a t the h ighe r
w a s s土m土1a工･ 七o t ha t of the ⊥n ta c七
in c r e a s ein grinding tim e r e s ulted
g r o u nd s a mple s
a nd sb o w ed 七be
te mpe ratu r e wh i. cb
on e ｡ Ho we v e r ′ a n
土n a de cre as e 土n
t he 土n te n s土ty o f the r e c o ver ed de hydra tio n D S Cpe ak
a t t he h ighe r te mpe r atu r e. Al l of the gr ou nd s a mple s
s till debydr ated 土n thr e e ste ps 土n the sa m e m a nn e r
a s the gr ou nd s a mple befor e sto r age d i d.
7) 工n c o n clu s土on ′ t he r esu l ts ob七a土n ed 土n this
study de m o n str ated t hat t he hydr og
.
en bo nds betw e e n
crys tal w ate r m ole cule s a nd the opbyl l土n e m ole c ule s
w e r e we ak e n ed o r d e str oy ed t o s o me e xte nt by
grind in g , r e s ult in g in t he dehydr atio n at a lo wer
te mpe r atu r e ･ 工t w a s s up po sed that c rystal w a七e r 土n
t he gr ou nd the ophyl l in e hydr ate m ight exist a t le as t
in thr e e mo le c ula r sta te s o f dif fe r e nt hydr oge n
- 5 9 -
bo nd ing ｡ Fu rt he r m o re , it w a s s ugge sted that the
r uptu r ed hydr og
■
e n bo nds of
gr o und t he ophyl l in e hydr ate
s a mple s w er e e xp o sed 七o
r elat iv e hu mi d i ty .
w ate r m ole c ule s 土n 七he
w er e r e sto r ed whe n 七be
a n atm o sph e r e of high
= n t he se c o nd p a rt o f th is s t u dy p t he
dehydr at io n beha vio ur of the ophyl l in e mon ohydr ate
h a s be e n in v e st igated by a pr e ss u r e d iffe r e nt ial
scan ning calo rim etry (pr e s su r e D S C). The r e s ults
ob tain ed c a nbe c o n cluded a s t he fol lo wings o
1) =n t he c as e of a n o pe n alu minu m pa n , the
e ndot he r m土c pe ak o f dehydr atio n oモ the o phyl l 土n e
m o nohydr ate be cam e br oade ned and te nded to shift to
a highe r te mpe ratur e wi t h t he in c r eas ed pr e s s u r e.
2) =n the c a s e of a pin - hole alu minu m pan , t he
e ndot he r m土c pe ak o f t he ophyl l 土n e mo n ohydra t e w as
r e s olv ed into tw o pe aks with the in cre as ed pr e s u r e｡
3) Th e w e ight lo s s c ur v e of t he o phyl l in e
m o nohydr ate w as sh i f ted to a h ighe r te mpe r atur e with
an 土n cre a s e土n the appl ied pr e s sur e .
4) Fr o m po wde r X - r ay d i f fr a ctio n pat te r n san d = R
s pe ctr a′ 七be ophyl l土n e mon ohydr ate w as tr a ns王or m ed
into t he ophyl l ine a nhydrate afte r he ating u pto 90
o
C
at 1 a nd 5M Pa ｡
5) The lo w tempe r atu r e D S C study r ev e aled tha t
c r y st al w a te r of 七be ophyl l 土n e m o no bydr at e w a s
tr a n sfo r med to be liqui d w ater afte r he at in g upto 90
o
c a t l ”pa .
6) Fo r pr e s s u r eDSC cu r v e sm e asu r ed by u sin g the
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pュn - hole alu min u m pa n′ t be endo the r m土c pe ak a七 t be
lo w e r te mpe r atu r e w a sa t tri buted to t he tr an si t ion
of t he ophyllin e m o nohydr ate in to the a nhydr ate and
l iqu id w ate r a nd tha t a t the highe r te mpe r atur e w a s
du e to t he s ubs equ e nt v apo r土z at土o n of w a七e r ｡
7) The he at o王 tr a ns土t 土o n fr o m the hydr a七e 七o
the a nhydr ate de te rmin ed
. fr om D S Cpe ak a r ea wa s 1 0
k J/m ol a nd t he h e a t o f v ap o r iz at io n of w ate r
c alc ula ted fr o m Cla u siu s- Clape yr on equ ation wa s 6 4
k J/m ol｡
8) 工t w a s de m o n str ated tha t the dehydr a 七土o n
pr o c es s of the ophyl l土n e mo no bydr ate 七o ok pla ce via
t he pha s e tr a n si t io n a nd the su bs equ e nt v apo riz at io n
of w a七e r ｡
9) = t w a s s ugg e st ed t ha t th e p r es su r e D S C
te chniqu e c o ul d be e mplo yed to study the dehydr atio n
pr o c e s s of s u ch pha r m a c e ut ic al hydr ate s .
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